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1- A charge sampling (ds) circuit (l) , characterised 
by a control signal generated (4) for controlling an analog 
input signal to the charge sampling circuit (1) to be inte- 
grated by an intergrator (3)1 during a sampling phase re- 
sponsive to a sampling signaTL from the control signal 
generator (4) , wherein the durrent of the analog input 
signal is integrated to an integrated charge for producing 
a proportional voltage or current sample at a signal output 
at the end of the sampling phase. 



IS 



20 



2p A charge sampling l(djS) circuit (1) according to 
claim 1, characterised/ by (a sampling switch (2) having a 
signal input for analog inwut signals, a signal output 
connected to a signal inputt of said integrator (3), and a 
control input connected tola sampling signal output of said 
control signal generator (ft) for controlling the switch to 
be on only when said sampling signal from the generator (4) 
is in a sampling phaj 



3, A charge sampling (CS) circuit (1) according to 
^ claim 1 or 3 « , characterised in that the control signal 
generator (4) is adapted to control the integrator (3) to 
hold the sample until a rfesetting signal from the generator 
25 (4) is applied to a control input of the integrator (3) . 



4, A charge sampling (CS) circuit (1) according to 
t> uuy Hha claim|£ 1—3*, characterised in that 

if said sampling pnase is from time ti to time t 2 , 
30 said sample represents tjhe instant value of said analog 

signal at t ime t s = ( 1 1 r +t J ) /2 and differs from said instant 
value with a coefficient! consisting of a constant part and 
a frequency dependent part (sin (27rf iAt) ) / (27rf iAt ) , where fi 
is the frequency of the! ith component of said analog signal 
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and &t=(t 2 -ti)/2, i.e hal 
phase . 



:: of the width of said sampling 



5. A differential 



ciharge sampling (CS) circuit, char* 



> " any 1 c^ - bh-e claim^S !■ A 



control signal generator 



tial CS circuit, the si 
is a second input of 



acterised by a first and second CS circuit according to 



reirig , wherein all control signal 
generators of said CS circuits are replaced by a common 



(i) , the signal input of said 



first CS circuit is a first analog input of said differen- 



cial input of said second CS circuit 
id differential CS circuit for a 
differential analog /sigr al, 1 the signal output of said first 
CS circuit and the/signcl output of said second CS circuit 

1 output and the second signal output of 
:-cuit . 



are the first si 
said differential /CS ci 



G. A differ 
according to clai 
(3) of said first 



itial 



charge sampling (CS) circuit 
5 ( characterised in that the integrator 
and the integrator (3) of said 
second CS circuit formifng a single differential integrator 
with two inputs for integrating the differential current of 
said analog signal and producing differential samples at 
said first signal outpit and a second signal output. 

7, A band-pass charge sampling (BPCS) circuit (5), 
characterised by a control signal generator (7) for con- 
trolling a first and second end of a differential analog 
signal to be weighted iy a weighting-and-sampling (W&S) 
element (6) during a W&S phase responsive to a W&S signal 
from said control signal generator (7) , wherein the current 
of said analog signal passes through said W&S element (6) 
only when said W&S signal is in a W&S phase, and said con- 

(7) is adapted for controlling the 
W&S element (6) to be integrated by 



trol signal generator 
output signal of said 
an intergrator (3) du:r 



ing said W&S phase , wherein the 
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current of the output sigrjal of aaid W&S element (6) is 
integrated to an integrated charge for producing a propor- 
tional voltage or current J b ample at a signal output at the 
end of said W&S phase. 



8- A band-pass charge sampling (BPCS) circuit (5) 



20 



according to claim 7, cl 
having a signal input foi 



racterieed by a first switch (2A) 
receiving a first end of said 



differential analog signal, a signal output connected to a 



signal input of said 
(6) , and a control 
said control sign< 
switch <2A) to on onl 



10 siqnal input of said W^idhtlng-and- sampling (W&S) element 

xput (connected to a clock output of 
generator (7) for controlling the 

when a clock signal is received, 
a second switch/ (2B) having a signal input for receiving a 
15 second end of sfaid differential analog signal, a signal 
output connected to saidj signal input of said Weight - 

Lement (6) , and a control input, 

output of said control 
controlling the switch (2B) to be 
fn^i^is received, said weight - 
lement (7) having a control input 
connected to a W&S signal output of said control signal 
generator, wherein the current of said analog signal passes 
through said W&S element (6) only when said W&S signal is 
25 in a WtS phase containing n cycles of said clocks, and the 
current of said analog (signal is controlled by said W&S 
signal in constant, linear. Gauss or other weighting func- 
tions, and an integrator with a signal input connected to 
the output of said W&S jelement (6) , a control input 
30 connected to a resetting signal output of said control 
signal generator (7) . 



ing - and - sampl iAg (W&S) 
connected to am inverse 
signal generator (7) fo5 
on only when a clock si< 
ing-and- sampling (W&sj 



9. A band-pass charge sampling (BPCS) circuit (5) 
-^according to claim 7 t ap S « , characterised in that the con- 
35 trol signal generator 1(7) is adapted to control the inte- 
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graror to hold the sample untjil the resetting phaae of said 
resetting signal begins. 



10. A band-pass charge! sampling fBPCS) circuit (S) 
5 &> according to - any uf Lllfe claifnfc 7~3*, characterised in that 
said samples represent the blase-band content of said analog 
signal, and the output frequency is f ouc=|f in- (2p-l) f c |f or2 (p- 
1) f c <f in^pf c, where f ia is one of the frequency components of 
said analog signal, f c the firequency of said clock and p an 

10 integer of >1 respect ivelwjaito the phase of said output 

frequency depends on the/phksetef said f ln and the phase of 
said f c and p~l define^ the I major frequency response range, 
and the same shape oy frequency response is repeated for 
p>l but the amplitudes arc /reduced, and for a given p, the 

15 same output frequency is obtained for frequencies fim 
(<(2p-l)f e ) and f lna (>(2p-J)f c ) when (2p-l) f c -f ial = 
f ina- (2p-l) f c but wiqh different phases, and the bandwidth 
and the shape of sarti frequency repf*6nse depend on said n 
(the lager n, the narr<jweij bar^dtfxdth) and said weighting 

20 function (constant, lineaaT 1 Gauss or other functions), and 
said BPCS circuit is simultaneously a filter, a mixer and a 
sampler. 



11. A differential pand-pass charge sampling (BPCS) 
25 circuit (8) , characterised by a first and second BPCS cir- 
cuit according to Miy til ftTH*? claim^ 7**e- r wherein all con- 
trol signal generators oJ; said BPCS circuits are replaced 
by a common control signal generator (7) , the first signal 
input and the second eig lal input of said first BPCS cir- 
30 cuit are connected with :he second input and the first 
input of said first BPCSj circuit respectively, and the 
first signal input, the (second signal input, the signal 
output of said first BPaS circuit and the signal output of 
said second BPCS circuit! are the first signal input, the 
35 second signal input, the first signal output and the second 
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signal output of said differential band-pass charge 
sampling (BPCS) circuit. 



10 



12 . A differential Aand-pass charge sampling (BPCS) 
circuit (8) according to claim 11, characterised in that 
the integrators (3A,3B) ih said first BPCS circuit and said 
second BPCS circuit are nferged into a single differential 
integrator (10) integratijng the differential current of 
said analog signal and producing differential samples at 
said first signal outputJ*and said second signal output of 
said differential BPCS/circulit . 



CS 



15 



13 . A paralle 
^circuits according/to a* 

:hat 



2Q 



25 



30 



ircuit, comprising a number of CS 
T3f ~ Lhe pifciL S J d fliliig claim£ l— 
characterised in that alll first signal inputs are 
connected together as a (first analog signal input of said 
parallel CS circuit, all control signal generators of said 
CS circuits are replaced by a common control signal gener- 
ator, a multiplexer having said number signal inputs 

outputs^x said CS circuits respec- 
ed to multiplexing signal 
Control signal generator, and a 
iplexing the outputs of said CS 
of said parallel CS circuit when the 
outputs of said CS circuits are in holding phases, wherein 
said parallel CS circuit increases the sampling rate and 
makes the time interval between two successive sampling 
points short, and the parallel CS circuit is in a single 
ended version. 

14. A parallel CS circuit/ comprising a number of 
& differential CS circuits according to claim 5 «r— $7 charac- 
terised in that all first inputs are connected together as 
the first signal input of said parallel CS circuit for 
35 receiving a first end! of a differential analog signal, all 



connected to the signal 
tively, control inp\, 
outputs of said common 
signal output , for mult 
circuits to the output 
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second inputs are connected together as the second signal 
input of said parallel CS circuit for receiving a second 
end of said differential analog signal, and all control 
signal generators of said CS circuits are replaced by a 
common control signal generator , a multiplexer having said 
number signal input pairs connected to the signal output 
pairs of said CS circuit s respectively, control inputs 
connected to multiplexing signal outputs of said common 
control signal generato::, and a signal output pair, for 



multiplexing the output 
output pair of said 
pairs of said CS ci 
said parallel CS c/rcu 
makes the time interval 



points short, am 
tial version. 



pairs of said CS circuits to the 
v lel CS circuit when the output 
ire in holding phases, wherein 
.creases the sampling rate and 
between two successive sampling 



the parallel CS circuit is in a differen- 



15 . A pars, 
-a-*?, characterised in 
has a clock inpvqt, sai 
said number of resetti:fn 
multiplexing signal ou 



llel C£ circuit according to claim 13 

tihat said control signal generator 
d numbep^6f sampling signal outputs, 
gnal outputs and said number of 
:puts, for generating said number of 



to the control inputs 
respectively, and for 



sampling signals at ths sampling signal outputs connected 



Df the switches of said CS circuits 
generating said number of resetting 
signals at said resetting signal outputs connected to the 
control inputs of the integrators of the CS circuits 
respectively, and saic, number of multiplexing signals are 
generated at the multiplexing signal outputs, and said 
resetting signals, sa:.d sampling signals and said multi- 
plexing signals are evenly timeinterleaved . 



16. A parallel 
) of BPCS circuits acco 
that all first signal 



JiPCS circuit (11) comprising a number 
ding to claim ?■ 10 * , characterised in 
inputs are connected together as the 



25 



10 



15 
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first signal input of said parallel BPCS circuit for 
receiving a first end of a differential analog signal, all 
second signal inputs are connected together as the second 
signal input of said parallel BPCS circuit for receiving a 
second end of a differential analog signal, and all the 
first switches are separate or merged, and all the second 

or merged, and all control signal 
generators in said BPCfcS circuits are replaced by a common 
control signal generator (13) , and a multiplexer (11) 

nal inputs connected to the signal 
efcir&uits, control inputs connected to 
multiplexing signal outputs of said common control signal 
generator, and a/signal output, for multiplexing the 
outputs of said/BPCS circuits to the signal output when the 
signal outputs /of saicl BPCS circuits are in holding phases, 
wherein the signal output is the signal output of said 

and said parallel BPCS circuit 
rate and makes the time interval 
points smaller, and the 
a single ended version. 



having said number of 
outputs of said BPC, 



parallel BPCS circuit 
increases the sampling 
between two sue 
parallel BPCS caVcui 



25 



the first signal input, 
receiving a first end 



30 




35 



17. A parallel EiPCS circuit (11) comprising a number 
£of BPCS circuits according to claim 11 w ±2 r, characterised 
in that all first signal inputs are connected together as 

of said parallel BPCS circuit for 
of a differential analog signal, all 
second signal inputs are connected together as the second 
signal input of said parallel BPCS circuit for receiving a 
second end of a differential analog signal, all the first 
switches in said first BPCS circuits are separate or 
merged, all the seconc switches in said first BPCS circuits 
are separate or merged all the first switches in said 
aecond BPCS circuits a re separate or merged, all the second 
switches in said secor.d BPCS circuits are separate or 
merged, all control sjgnal generators of said BPCS circuits 
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are replaced by a common control signal generator, and a 
multiplexer with said number of signal input pairs 
connected to the signal output pairs of said BPCS circuits , 
control inputs connected to multiplexing signal outputs of 
said common control signal generator, and an output pair, 
for multiplexing the output pairs of said BPCS circuits to 
the signal output pair wKen the signal output pairs of said 
BPCS circuits are in holc.ing phases, wherein the signal 
output pair is the signal output pair of said parallel BPCS 
circuit, and said parallAl BPCS circuit increases the 
sampling rate and mak^s theA time interval between two 
successive sampling/points smaller, wherein the parallel 
BPCS circuit is in/a differential version. 



15 18. A para]Ael BPCS circuit comprising a number of 

ft BPCS circuits according to claim 16 or- XV -, characterised 
by a control signal generator with a clock input, a clock 
output, an inverete clock output, said number of W&S signal 
outputs, said nunier of reaettijag^signal outputs and said 
number of multiplexi ng n jlgnai outputs , wherein the clock 
input is the clock input: of said parallel BPCS circuit for 
use in generating a clock signal at the clock output of 
said common signal cont :ol generator connected to the 

Lrst switches of said BPCS circuits, 
the inverse clock output connected 
to the control inputs cf all second switches of said BPCS 
circuits, said number cf W&S signal outputs are connected 
to the control inputs cf all W&S elements (9A-9X) of said 
BPCS circuits, said nuntoer of resetting signal outputs are 
30 connected to the control inputs of all integrators (10A- 

10X) of said BPCS circuits, and said number of multiplexing 
signals, resetting signals, sampling signals, and multi- 
plexing signals are evonly timeinterleaved. 



20 



25 



control inputs of all f 
and an inverse clock at 
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19. A CS circuit 



circuit having a signa] 



13 , 

according to any of the clainys -3b«4-, 



(^HE-JL3>. characterised tiy an analog frequency compensating 



input for receiving an analog 



signal, and a signal output, with a frequency response pro- 



portional to (27cfiAt)/ 
output is connected to 



6 



& 



10 



15 



20, a CS circuit 
- or Ifr, characterise! 

compensating circuit 
receiving an analog 
a frequency response pfcropo 
(sin(2«fiAt) ) , whafrein the 
to the first sigj/al input 
said CS circuit 



20 



rised 



21 . A CS Circuit 
characte 
circuit with a 
(2tcfiAt) / (sin(27tf' 
converting the signal 
digital signal. 



sin (2nfiAt) ) , wherein the signal 
the signal input of said CS . 



according to any of the claimfS , 
by an analog frequency 

a signal input pair for 
and a signal output pair, with 
tional to (27tf ^At) / 
signal output pair is connected 
and the second signal input of 



a digital 



according to any of the clainy^J.-{|», 
frequency compensating 
e proportional to 
'cted after an A/D converter 
output of said CS circuits to a 



equency respoj 
it) ) coi 



22. A CS circuit 
l*» v characterised 



(27rfiAO / (sin(27ifiAt) ) 
converting the signal 
digital signal. 



30 



according to any of the claim s £3 G; 
by a digital frequency compensating 



circuit with a frequercy response proportional to 



connected after an A/D converter 
output pair of said CS circuits to a 



23. A two-step EPCS circuit comprising a first and 
second BPCS circuit (2 9,42) according to sway o f the pxeued«- 

"3r8*, characterised by 



wig claim$ £ -12 oi> 10 



35 receiving a first and 



a first signal input and a second signal input for 

second end of a differential analog 
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signal, respectively, in 
producing signal samples 
pair of said first BPCS 

a chopping circuit 
the first BPcs circuit ( 
signal output or output 
signal equal to said fir 

a differential -out 
signal from the chopping 
signal output pair; an 

the first sign., 
said second BPCS 
said amplifier (43^) for 
signal output or /output 



39 



24 . A two 



claim 23 , characterised 



having a clock 
used by the fir At 
second clock aig: 



Step BPCS 



Input for 



said first BPCS circuit (39) for " 
at the signal output or output 
circuit with a first sample rate; 
(4 0) for chopping the signal from 

) symmetrically in time at its 
air with the frequency of a clock 
t sample rate, 

amplifier (41) for amplifying the 
circuit differentially at its 




.nd the second signal input of 
cte(l to the signal output pair of 
producing signal samples at the 
pair with a second sample rate. 



circuit comprising according to 
by a clock signal generator (43) 
receiving ^ first clock signal 
and generating a 
sly fed to a clock input of 
said chopping circuit an]} a clock input of said second BPCS 
circuit . 




25. Arrangements of building blocks . in any type of 



icks . in 



characterised 



said BPCS circuits accorjding to clair 
by 

an n-MOS arrangemejnt of said switch, comprising: an 
n-MOS transistor with the drain as the signal input, wich 
the gate as the control input and with the source as the 
signal output; and 

a CMOS arrangement 
n-MOS transistor and a p 
connected to each other 
sources connected to eac 
with the gate of said n 



of said switch, comprising; an 
MOS transistor with their drains 
as the signal input, with their 
h other as che signal output, and 
MOS transistor as the control 
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input; an inverter with the input connected to the gate of 
said n-MOS transistor ank with the output connected to the 
gate of said p-MOS transkstor; 

an arrangement of /said W&S element, comprising: an 
n-MOS transistor with tHe drain as the signal input, wich 
the gate as the control (input , and with the source as the 
signal output; 

a passive arrangement of said integrator, comprising: 
a capacitor with the fijrsfc^^nd as the signal input, and 
with the second end^rofinde5i; an optional resistor inserted 
between said signa/ input aftd the first end of said 
capacitor when nefcessarjy; an n-MOS transistor with the 
drain and the soi/rce connected to the first end and second 
end of said capacitor Respectively, and with the gate as 
the control input: ; 

a passive arrangement of said differential integrator 
comprising; a fiitet paisive arrangement of said integrator 
with the signal iAout ind th^signal output as the first 
signal input and thfex^irat^signal output of said 

respectively; and a second passive 
:egrator with the signal input and 
the signal output as the second signal input and the second 
signal output of said differential integrator respectively; 

an active arrangement of said integrator comprising: 
a dif f erential-in-sin<fle-out amplifier with the positive 
input grounded, with i:he negative input as the signal input 
of said integrator, aid with the output as the signal 
output of said integrator; a capacitor with the first end 
connected to the negative input of said 



differential integrat 
arrangement of said i 



dif ferential-in-singl 
input as the control 
n-MOS arrangement or 



Ls-out amplifier; an inverter with the 
input of said integrator; a first 
CMOS arrangement of said switch with 
the signal input connected to the negative input of said 
differential -in-sing] e-out amplifier, with the control 
input connected to tlie control input of said integrator. 
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and with the signal outpu : connected to the output of said 
dif ferential-in-single-ou: amplifier; a second n-MOS 
arrangement or CMOS arrangement of said switch with the 
signal input connected tc the second end of said capacitor, 
with the control input ccnnected to the control input of 
said integrator, and with the signal output grounded; a 
third n-MOS arrangement or CMOS arrangement of said switch 
rtith the signal input connected to the second end of said 
capacitor, with the control input connected to the output 
of said inverter and wit i the signal output connected to 
the output of said dif f erentjial-insingle-out amplifier; and 
an optional resistor > irnsjerMd between the signal input of 



said integrator 
dif f erential -in- si 
an active 




tive input of said 
.mplifier when necessary; 
angeiAent of said differential 



integrator, comprising: 
amplifier with the nega 
positive output rind the 
input, the seconc. 



a dif f erential -in-differential-out 
ifive input, the positive input, the 
negative output as the first signal 
signal, input, the first signal output and 
the second signal\ output of sa^a differential integrator; a 
first capacitor w£th tte £±z?at end connected to the 
negative input of said- dif f erential -indifferent ial -out 
amplifier; a second capacitor with the first end connected 
to the positive input of said dif f erential -in- 
differential -out amplifier; an inverter with the input as 
the control input of skid differential integrator; a first 
n-MOS arrangement or CMOS arrangement of said switch with 
the signal input connected to the negative input of said 
differential-in-dif f erential -out amplifier, with the 
control input connected to the control input of said 
differential integrate r and with the signal output 
connected to the posit. ive output of said differen- 
tial-in-dif f erential-out amplifier; a second n-MOS arrange- 
ment or CMOS arrangement of said switch with the signal 
input connected to the second end of said first capacitor, 



# # 
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with the control input connected to the control input of 
said differential integrator and with the signal output 
grounded; a third n-MOS arrangement or CMOS arrangement of 
said switch with the signal input connected to the second 
end of said first capacito::, with the control input 
connected to the output of said inverter and with the 
signal output connected to the positive output of said 
differential -in-dif f erential-out amplifier; a fourth n-MOS 
arrangement or CMOS arrangj mT©rktl of said switch with the 
signal input connected ds i:he pfositive input of said 
dif ferential-in-dif f erehtial-out amplifier, with the 
control input connected to the control input of said 
differential integrator and with the signal output 
connected to the negative output of said differen- 
tial -in-differentialAout amplifier; a fifth n-MOS arrange- 
ment or CMOS arrangement o:: said switch with the signal 
input connected to the second end of said second capacitor, 
with the control input connected to the control input of 
said differential integrator and with the signal output 

:ran,g^ment or CMOS arrangement of 
said switch with the signal input connected to the second 
end of said second capacitor, with the control input 

said inverter and with the 
the negative output of said 



connected to the output of 
signal output connected to 

dif f erential-in-dif f erentikl -out amplifier; a first 
optional resistor inserted between the first signal input 
of said differential integrator and the negative input of 
said differential-in-differential-out amplifier when 
necessary; and a second optional resistor inserted between 
the second signal input of said differential integrator and 
the positive input of said differential-in-differential-out 
amplifier when necessary. 
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26, A front-end sampling radio receiver apparatus 



comprising a first and 
& claim s . 3^3^ 1C - 18 7 23 %24 

a low pass filtei 
the clock frequency foi 
signal ; 

a low noise ampli 
tially amplified radio 



second BPCS circuit according to 
characterised by comprising: 
(45) with a bandwidth up to twice 
receiving and filtering a radio 



fier (46) for producing a differen- 
signal from the filtered signal/ 



a local oscillator (49) for producing an I-clock 
signal at its signal output; 

a n/2 phase shifter MB) with a signal input 
connected to the local oscillator (49) for producing a 
Q-clock signal at i/ts signal output with the same amplitude 
and n/2 phase shifit wi^h respect to said I-clock signal; 

two ends oy the feignal output pair of said low noise 
amplifier (46) a£e respectively connected both to the first 

the second BPCS circuit (47B) re- 
spectively, saiji I-cldck signal output is connected to the 
clock input of fcaid first BPC^circuit (47A) , and said 
Q-clock signal oik^ut^ is^petfariected to the clock input of 
said second BPCS circuit (47B) , for producing base-band 
I -samples of said radio signal at the signal output or 
output pair of said fjrst BPCS circuit (47A) , base-band Q - 

signal at the signal output or output 



samples of said radio 
pair of said second BI'CS circuit (47B) 



27. A front -end 
according to claim 26 
said local osci!. 



sampling radio receiver apparatus 

characterised in that 
lator (49), said phase shifter (48) 
and the clock generators of said first and second BPCS 
circuits (47A,47B) ari combined for producing differential 
I-clock signals and Q-clock signals more efficiently and 
accurately; 

said base-band [-sample and Q-samples are converted 
either by two separate analog-to-digital converters or by a 
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single analog-to-digital converter with multiplexing to 
digital signals; 

said digital signals are processed by a digital 
signal processing (DSPj unit; and 

said front -end sampling radio receiver apparatus is a 
superior radio received apparatus having a greatly simpli- 
fied analog part and wherein the capability of DSP is 
highly utilized* 



2 8 „ A method of 
steps of ; 

integrating 
phase, wherein the 
integrated to an 

producing 
said integrated 



act 



2 9. A met 
that, if said 
said sample re 
signal at time 
value with a co 
a frequency depencle 
is the frequency of 
and At=(t 2 -ti)/2, i.e 
phase . 



resenti 



ci 



:harge sampling, characterised by the 

input signal during a sampling 
of the analog input signal is 
frated charge, and 

[ortional voltage or current sample of 
at the end of said sampling phase - 

Wording to claim^ 28, characterised in 
phase is from time ti to time t 2 , 
the instant value of said analog 
(2 and differs from said instant 
ant cefnsisting of a constant part and 
?£rt (sin(2nf 4 At) ) / (27rfiAt) # where f ± 
xe ith component of said analog signal 
[half of the width of said sampling 



jfc> 30. A method adcording to claim 28 -&r— &$r w character- 
ised in that said analog input signal is a differential 
analog signal, and said proportional voltage or current 
sample of said integrated charge is a differential signal. 



31. A method of charge sampling, characterised by the 
steps of i weighting a first and second end of a differen- 
tial analog signal during a w&s phase, integrating the 
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weighted signal c 
of the weighted/g 
charge ; and 

produci 
the end of s 




g said W&S phase, wherein the current 
is integrated to an integrated 



nal voltage or current sample at 
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